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Oyster ( Orassotrea gigas) oocytes can be fertilized and they initiate their embry-
onic development both at the first prophase and the first metaphase of meiosis 
(OSANAI, 1985). The present examination shows that oyster oooytes can be fertilized 
even at the second metaphase of meiosis. The second metaphase oocytes are obtained 
by brief exposure to calcium ionophore A23187 in alkaline sea water (pH 9.3) after 
pretreatment with serotonin. Meiosis resumption from the second metaphase arrest 
is induced by insemination or by re-incubation in alkaline sea water containing 
A23187 or in sea water containing protein synthesis inhibitor emetine. The second 
metaphase oocytes can receive monospermically a spermatozoon and initiate em-
bryogenesis. These findings suggest that fertilization can occur in oyster oocytes 
through the meiotic period from the first prophase to the second metaphase with no 
relation to the specific stage of meiosis. 
INTRODUCTION 
Two types of oocytes had been recognized in pelecypods with respect to their 
state of meiosis and the time of their fertilization (LoNGO, 1983). Oocytes are 
fertilized at the first propha.se of meiosis (the germinal vesicle stage) in Spisula 
(LoNGO, 1983) and Mactra (SAWADA, 1988). The second type in which oocytes are 
fertilized at the first metapha.se of meiosis is found in Mytilus (LoNGO 1983), 
Ruditapes (OsANAI and KuRAISHI, 1989; GuERRIER et al., 1993), Limaria (DEGUCHI 
and OSANAI, 1993) and Hiatella (ToGo et al., 1993). 
Oyster oocytes are particular in the time of fertilization. Oyster oocytes taken 
directly by dissecting ovaries are at the first propha.se of meiosis. They undergo 
germinal vesicle breakdown spontaneously in natural sea water or by application of 
serotonin (a neurotransmitor) and are arrested again at the first metapha.se of 
meiOSIS. By insemination the oyster oocytes are fertilized both at the first propha.se 
and the first metapha.se (OsANAI, 1985). This particularity of oyster oocytes led me 
to examine whether the oocytes can be fertilized even at the second metapha.se of 
meiosis. The present paper deals with the re-arrest of meiosis at the second 
metapha.se and the relea.se from the second metapha.se arrest by sperm and chemical 
meiosis-inducing agents. 
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MATERIALS AND METHODS 
Gametes. 
The oyster, Crl113sostrea gigl11l, was collected around the Marine Biological 
Station, Tohoku University, Asamushi, Aomori and kept in running sea water. 
Oocytes were obtained by dissecting ovaries in acid sea water, pH 5-6, in which 
spontaneous germinal vesicle breakdown is prevented (OsANAI, 1985). The oocytes 
discharged from ovaries were sedimented with a hand centrifuge and the supernatant 
was aspirated off. The sedimented oocytes were washed three or four times with 
fresh acid sea water. Sperm were released by dissecting testes in a small amount of 
sea water. Obtained sperm suspension was centrifuged at 3,000 rpm for 5 min. 
The sedimented sperm fraction was diluted in sea water (final dilution 1-5x1Q-•) 
prior to insemination. 
The oocytes dissected from ovaries were at the first prophase of meiosis (the 
germinal vesicle stage, GV oocytes). To induce artificially germinal vesicle break-
down (GVBD), GV oocytes were incubated in sea water containing lO pM serotonin 
( =5-hydoxytryptamine) creatinine sulfate (5-HT, Sigma). Within 20 min the 
oocytes underwent GVBD and reached the first metaphase of meiosis at which they 
were arrested again (OsANAI, 1985). To release from the first metaphase arrest, the 
first metaphase oocytes were incubated in alkaline sea water (pH 9.3) containing lO 
pM calcium ionophore A23187. The oocytes extruded the first polar body after 20 
min incubation and the second polar body after 40 min incubation (OsANAI and 
KuRAISHI, 1989). In the present experiments, I examined whether limited exposure 
time to A23187 resulted in arrest at the second metaphase of meiosis. 
To induce meiosis resumption from second metaphase arrest, oocytes which 
remained at the second metaphase after brief exposure to A23187 were reincubated 
in alkaline sea water (pH 9.3) containing 10 pM A23187 or in sea water containing 
0.5 mM emetine. Calcium ionophore A23187 and emetine are known to induce also 
meiosis from the first metaphase in oyster oocytes (OsANAI and KuRAISHI, 1989; 
OsANAI, 1993). The experiments were carried out at 25-27"C. 
Sea Water and Chemicals. 
Natural sea water was used after the filtration through a paper filter, Watmann 
No.2. Alkaline sea water (pH 9.3) was prepared by adding NaOH to filtered sea 
water. Calcium ionophore A23187 (Sigma) was dissolved in the mixture of dimeth-
ylsulfoxide and ethanol (1 : 3) as a stock solution (10 mM) and emetine (Sigma) at 
10 mM in distilled water. These reagents were diluted with sea water prior to use. 
Cytology. 
For cytological examination oocytes were fixed in CARNOY's metanol-acetic acid 
(3 : 1) overnight and then stored in 80% ethanol. Fixed specimens were resuspend-
MEIOSIS RESUMPTION IN OYSTER OOOYTES 95 
ed in CARNOY's fluid. The suspension was dropped on a glass slide and mixed with 
lacto-aceto-orcein for staining. 
RESULTS 
Preparation of second metaph.<me oocytes. 
Meiotic changes following the first metaphase are induced with alkaline A23187. 
The continual incubation "in alkaline A23187 induced not only first polar body 
formation, but also second polar body formation (OsANAI and KuRAISHI, 1989). 
Thus, I examined whether the arrest at the second metaphase results from brief 
exposure to A23187. 
GV oocytes were first incubated in sea water containing 10 pM serotonin for 30 
min and then returned to sea water. The oocytes underwent GVBD and re-arrested 
at the first metaphase (Table 1, A). The first metaphase oocytes were exposed to lO 
pM A23187 in alkaline sea water for 20 min and returned to sea water. In the cases 
shown in Table 1B and Table 2A, 87% and 7l% oocytes remained at the second 
meiotic stage even about 45 min after the A23187 exposure, respectively. 70-80% 
of them were at the second metaphase and some oocytes (10-27%) were in progres-
sive stages following the second metaphase from the second anaphase (Fig. 1, B) to 
Table l. 
Meiosis resumption by double treatment with A23187 
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the pronuclear stage (Fig. 1, D). 
I nduction of meiotic changes following the second metaphase. 
A23187 and emetine were used to induce artificially meiotic resumption from 
the second metaphase. First metaphase oocytes obtained by serotonin-incubation 
were exposed to A23187 in alkaline sea water for 20 min and then re-incubated in 
alkaline sea water containing 10 J.lM A23187 after washing with sea water for 15 min. 
They were fixed in CARNOY's fixative after the incubation for 30 min and examined 
cytologically. 
In the case shown in Table 1C, 60% oocytes completed meiotic division (extrud-
ed two polar bodies) and had the egg nucleus possessing condensed chromatin or 
aggregated chromosomes (Fig. 2, B). The most of remnants extruding only one 
polar body had two large swollen nuclei (Fig. 2, A). This may be attributed to the 
A JJ __ 
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Fig. l. The progression of second meiosis with alkaline A23187. Metaphase I oocytes 
(pretreated with 5-HT for 30 min) were exposed to A23187 (10 JiM, pH 9.3) for 20 
min and then placed in normal sea water for 45 min. Fixed in CARNOY's fluid and 
stained with orcein. A, second metaphase; B, second anaphase, C, After second 
polar body extrusion; D, Pronulear stage with two polar bodies (p) and a swollen 
egg nucleus (e). The bar indicates 10 Jim. 
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Fig. 2. Induction of meiosis by the double treatment with A23187. Metaphase I 
oocytes (pretreated with 5-HT for 30 min) were exposed to A23187 (10 JiM, pH 9.3) 
for 20 min and then re-incubated in alkaline sea water containing A23187 for 30 
min. Fixed in CARNOY's fluid and stained with orcein. A, Two large swollen 
nuclei after the extrusion of one polar body. B, The oocyte with two polar bodies 
and one condensed egg nucleus. The bar indicates 10 Jim. 
Table 2. 
Meiosis resumption by double treatment with A23187 and emetine 
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Fig. 3. The progression of meiosis following the metaphase II by the post-treatment 
with emetine. Metaphase I oocytes (pretreated with 5-HT for 30 min) were 
exposed to A23187 (10 ,uM, pH 9.3) for 20 min and then re-incubated in 0.5 mM 
emetine in sea water for 20 min (A-C) and 40 min (D). Fixed in CARNOY's fluid 
and stained with orcein. A, second anaphase ; B, second telophase ; C, condensed 
egg nucleus soon after the extrusion of the second polar body; D, large swollen egg 
nucleus formed after meiosis completion. The bar indicates 10 ,urn. 
fact that two nuclei remained within the oocyte with the failure of second polar 
body extrusion and transformed into swollen pronuclei during the post-incubation 
with A23187. 
Meiosis resumption from the second metaphase was also induced with emetine. 
First metaphase oocytes (pretreated with serotonin for 30 min) were exposed to 
alkaline A23187 for 18-20 min and then re-incubated in 0.5 mM emetine in sea 
water. The oocytes underwent meiotic changes following the second metaphase 
(Fig. 3). Most oocytes (72-78%) completed second meiosis, extruding the second 
polar body (Table 2, B). In two thirds of the eggs the egg nucleus enlarged to the 
swollen one as previously described in Mytilus (DuB:E and DEFRESNE, 1990) and 
Crassostrea (OSANAI, 1993). 
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Fig. 4. Sperm entry in metaphase II oocytes. Metaphase I oocytes were exposed to 
A23187 (10 ,uM, pH 9.3) for 20 min and then inseminated in normal sea water. 10 
min after insemination. Fixed in CARNOY's fluid and stained with orcein. The 
condensed sperm nucleus is observed in the cortex of the metaphase II oocyte. p : 
polar body, s : sperm nucleus, o : metaphase chromosomes in the oocyte. The bar 
indicates 10 ,urn. 
Fertility in second metaphase oocytes. 
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To examine whether oyster oocytes can be fertilized at the second metaphase, 
second metaphase oocytes obtained by the double treatment with serotonin and 
A23187 were used for insemination. The oocytes pretreated with serotonin for 30 
min and post-treated with A23187 (10 J.LM, pH 9.3) for 20 min were inseminated in 
normal sea water. The oocytes placed in sea water after fertilization developed to 
swimming larvae. 
In the oocytes fixed 10 min after insemination, the small condensed sperm 
nucleus was observed in the cortex of oocytes which were at the second metaphase 
(Fig. 4). At 25 min after insemination, the fertilized oocytes completed their 
meiosis until the pronuclear stage, while incorporated sperm nuclei somewhat 
enlarged with chromatin de<iondensation (Fig. 5). Polyspermic oocytes were not 
observed in the present examination. Oyster oocytes seem to maintain normal 
fertility and the ability initiating embryogenesis by fertilization during meiotic 
period from the first prophse to the pronuclear stage. 





Fig. 5. Decondensation of the sperm nucleus incoporated in the metaphase II oocyte. 
25 min after insemination. The oocyte completed meiosis with two polar bodies 
(p} and a egg pronucleus (e). The sperm nucleus (n) somewhat enlarged in the 
inner region of the egg. A and B : Enlarged different-focusing figures of parts of 
C. The bars indicate 10 pro. 
DISCUSSION 
Pelecypod oocytes had been said to be fertilized either at the first prophase or 
at the first metaphase of meiosis. However, oyster ( Crassostrea gigas) oocytes can be 
fertilized both at the first prophase and at the first metaphase (OsANAI, 1985). The 
present examination shows that the oyster oocytes are fertilized even at the second 
metaphase of meiosis and they initiate their embryogenesis after fertilization. The 
acquisition and the loss of fertility seem to be independent of the progression of 
meiotic changes in oyster oocytes. This characteristics of oyster oocytes seem to be 
particular in comparison with other pelecypod species in which fertilization period 
is limited to a specified stage of meiosis. 
Oocytes are arrested at the first metaphase of miosis in some species of inverte-
brates (annelids, moluscans and ascidians) and at the second metaphase in verte-
brates (fish, amphibians and mammals). Release from the metaphase arrest nor-
mally depends on fertilization which results in the inactivation of maturation-
promoting factor (MPF). Oocyte activation could be also result from an inhibition 
of protein synthesis. The release of the first metaphase arrest was induced with 
cycloheximide in oocytes of Chaetopterus (ZAMPETTI-BossELER et al. , 1973), and 
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with emetine m Patella (NEANTS and GuERRIER, 1988), Mytilus (DUB:E and 
DEFRESNE, 1990), Ruditapes (ABDELMAJID et al., 1993), Crassostrea (OsANAI, 1993) 
and Phallusia (ABDELMAJID et al., 1993). The release from the second metaphase 
arrest was induced in mouse oocytes by treatment with pyuromicin (CLARK and 
MAsm, 1983). In the present exmamination I succeded in inducing the release from 
the second metaphase arrest with emetine in pelecypod oocytes. The maintenance 
of the metaphase condition requires a continuous supply of newly synthesized short 
lived proteins, which seem to be regulating proteins blocking the cyclin degradation 
pathway (ABDELMAJID et al. , 1993). In oyster oocytes these proteins would be 
synthesized at the second meiotic cycle as well as at the first metaphase, causing the 
second metaphase arrest. 
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